The era of near-room-temperature superconductivity started after experimental discovery by Drozdov et al (2015 Nature 525 73) who found that compressed H3S exhibits superconducting transition at T = 203 K. To date, the record near-room-temperature superconductivity stands with another hydrogen-rich highly compressed compound, LaH10 (Somayazulu et al 2019 Phys. Rev. Lett. 122 027001), which has critical temperature of > 245 . In this paper, we analyse the upper critical field, Bc2(T), data of LaH10 (Drozdov et al 2019 Nature 569 528)
I. Introduction
The discovery of superconductivity in highly compressed H3S with Tc = 203 K by Drozdov et al [1] is the most fascinating breakthrough in superconductivity since epochal discovery of high-temperature superconductivity in cuprates by Bednoltz and Mueller [2] .
Historical aspects of the problem can be found elsewhere [3] [4] [5] [6] .
Despite a fact that H3S is widely classified as conventional [7] electron-phonon superconductor [1, [3] [4] [5] [6] [8] [9] [10] [11] [12] [13] , we performed [14] analysis of experimental upper critical field data, Bc2(T), reported by Mozaffari et al [15, 16] , and showed that H3S is unconventional superconductor which lies in common unconventional superconductors trend band of the Uemura plot [17, 18] together with other unconventional superconductors, i.e. heavy fermions, fullerenes, pnictides, and cuprates.
The concept of Uemura plot [18] is to represent all 32 classes of superconductors [19] by using two fundamental temperatures: one is the superconducting transition temperature, Tc (usually, this is used as Y-axis), and another is the Fermi temperature, TF (usually, this is used as X-axis) [18] . In this representation all known unconventional superconductors fill a narrow band of 10 −2 < ⁄ < 5 • 10 −2 , while BCS electron-phonon mediated superconductors are located in the area of ⁄ < 4 • 10 −4 . In Ref. 14 we showed that H3S (compressed at P = 150 GPa and 155 GPa) has Tc/TF ratio in the interval of 1.2 • 10 −2 < ⁄ < 3.9 • 10 −2 , and, thus, based on general approach of Uemura et al [17, 18] , H3S should be classified as unconventional superconductor.
Recently, further step towards room-temperature superconductivity was made by Somayazulu et al [20] who discovered near-room-temperature superconductivity in another highly-compressed hydrogen-rich compound of LaH10. The latter exhibits transition temperature of ≥ 250 at external pressure in the range of P = 150-200 GPa [20, 21] . Drozdov et al [21] reported experimental upper critical field data for LaH10 which we analyse in this paper and find that in all considered scenarios this compound has the ratio of superconducting energy gap, (0), to the Fermi energy, F, of 0.02 < (0)/F < 0.07, with respective ratio of Tc to the Fermi temperature, TF, 0.009 < Tc/TF < 0.038. As the result, in Uemura plot LaH10 lies in the same band as all unconventional superconductors and falls just above another hydrogen-rich counterpart of H3S [14] .
To prove that our findings in regard of H3S and LaH10 are generic features of hydrogenrich superconductors we re-examine the upper critical field data for the first discovered by Skoskiewicz [22] superconductor of this family, PdHx, and show that despite a fact that palladium-hydrogen compounds have Tc < 7 K, these low-temperature superconductors have similar ratios of (0)/F and Tc/TF to ones of it near-room-temperature superconducting counterparts.
Thus, we show that all discovered to date hydrogen-rich superconductors, i.e. PdHx, H3S
and LaH10, lie in the same band in the Uemura plot as all unconventional superconductors (particularly heavy fermions, fullerenes, pnictides, and cuprates) and thus, these superconductors should be classified as a new family of unconventional superconductors.
II. The upper critical field models
Ground state upper critical field, Bc2(0), in the Ginzburg-Landau theory [23] is given by:
where 0 = 2.068 • 10 −15 Wb is magnetic flux quantum, and (0) is the ground state coherence length. For the temperature dependent upper critical field data one of the most rigours model was proposed by Werthamer, Helfand, and Hohenberg (WHH) [24, 25] :
where  is digamma function, D is the diffusion constant of the normal conducting electrons/holes. However, application of this model for the analysis of experimental Bc2(T) data requires very often and uniformly measured dataset which covers the whole temperature range of 0 < < with approximate step of 0.02 − 0.05 • between data points. In real world experiments, this condition is usually impossible to achieve due to either experimental limitation to cool sample down to low enough reduced temperatures, T/Tc, either to create reasonably high applied magnetic field, Bappl/Bc2(0), or, in most cases, the both.
Based on this, the analysis of Bc2(T) data, as a rule, performs by the utilization of other approaches which were developed for real world experiments when Bc2(T) dataset is limited by measurements performed at high reduced temperatures, 3 4 ≲ . We stress that this is entire case for highly compressed LaH10 for which Bc2(T) data is available to date only in narrow temperature range of 0.96 ≤ ≤ 1.0 [21] . Primary reason for this is that available in experiment applied magnetic field was limited by typical value of Bappl = 9 T routinely available in modern labs (for instance, conventional PPMS systems provide this). However, if even world top quasi-DC magnetic field facility will be in use (for instance, this facility was use to study the upper critical field in H3S [15, 16] ) and maximum applied magnetic field of = 65 will be utilized, then based on estimated value for Bc2(0) = 90-140 T (given by Drozdov et al [21] ) for LaH10, it is unlikely that Bc2(T) measurements will be possible to perform at reduced temperature lower than 0.7 ≤ , or 170 ≤ in absolute values.
The reality is that robust use of WHH model [24, 25] for highly compressed LaH10 (and, probably, for others homological compounds of LanHm series [26, 27] ) will be unlikely in near decades. Thus, different models need to be used to analyse experimental Bc2(T) data for nearroom-temperature superconductors. One of the approach, which was actually proposed by Werthamer, Helfand, and Hohenberg [24, 25] , is extrapolative expression:
In this paper, we will designate Eq. 3 as WHH model.
Another model, which is also based on Werthamer, Helfand, and Hohenberg primary idea [24, 25] , but one accurately generates full Bc2(T) extrapolative curve from experimental data measured at high reduced temperatures, T/Tc, was developed by Baumgartner et al [28] :
We will designate this model as B-WHH model.
In addition, we will use classical two-fluid Gorter-Casimir model (GC model) [29, 30] :
which is in a wide use too [1, 15, 21, 31, 32] . We note, that Drozdov et al [1] , Mozaffari et al [15, 16] and Drozdov et al [21] designate Eq. 5 as the Ginzburg-Landau theory equation [23] . This is incorrect, because the latter is [23, 29] :
There is also Bc2(T) model proposed by Gor'kov [33] which was written in analytical form by Jones et al. [34] :
III. PdHx superconductors in Uemura plot
Surprisingly enough, to author's knowledge, palladium-hydrogen superconductors discovered by Skoskiewicz [22] in 1973 have never been located in the Uemura plot [18] . To do this, we utilize results of systematic studies of the upper critical field for palladiumhydrogen superconductors reported by Balbaa and Manchester [35] . Their results (i.e., Tc and Bc2(0) we show in Table I together with calculated by using Eq. 1 values for (0).
Skoskiewicz [22] reported that PdHx superconductors have the ratio:
where (0) is ground state superconducting energy gap, kB is the Boltzmann constant, which is very close to BCS weak-coupling limit of 3.53 [7] . Sansores et al. [36] performed the analysis of experimental electronic specific heat jump at Tc, C/C, and confirmed the weakcoupling pairing strength in PdHx and PdDx by reporting:
which is very close to BCS weak-coupling limit of 1.43 [7] . Thus, we use  value reported by Skoskiewicz (Eq. 8) [22] in our calculations below.
Bambakidis et al. [37] reported that PdDx compounds have charge carrier effective mass
where me is electron mass, which we use in calculations below for PdHx superconductors.
By using well-known BCS expression [7] :
and deduced (0) values (Table I) one can calculate the Fermi velocity, vF, in PdHx:
where ℏ = h/2 is reduced Planck constant. Calculated values are given in Table I . The Fermi energy, F:
the Fermi temperature, TF:
and ⁄ ratios are also given in Table I . Deduced Tc and TF values make it possible to add PdHx superconductors in the Uemura plot ( Fig. 1) , where we add data for H3S superconductor deduced in our previous paper [14] . It can be seen ( Fig. 1 ) that PdHx falls just next to heavy fermion superconductors and thus these hydrogen-rich superconductors should be classified as unconventional superconductors. IV. Deduced Bc2(0) and (0) for compressed LaH10
In Fig. 2 ,a we show raw Bc2(T) data for compressed LaH10 measured at the "cooling" stage (see for details Ref. 21) . Bc2(T) dataset was deduced from R(T) curves showed in Fig.   2 (a) of Drozdov et al [21] by using 50% of the normal state resistance criterion (raw data are given in Supplementary Table I ). We note that Drozdov et al [21] also used this criterion to deduce Bc2(T) and they also fitted data to Eq. 5 in their Fig. 2(b) . In our Fig. 2 For so-called "warming" stage, Drozdov et al [21] registered different R(T) curves ( Fig.   2(a) [21] ) which we process in the same way and fit to Eqs. 3-5,7 (Fig. 2,b ) (raw data are given in Supplementary Table II) . Deduced Bc2(0) and (0) values are also collected in Table   II . 
IV. Compressed LaH10 in Uemura plot
Kruglov et al. [27] performed first principles calculations and came to conclusion that compressed LaH10 is strong coupled superconductor with the ratio:
where (0) is ground state superconducting energy gap, kB is the Boltzmann constant.
Despite a fact that the upper boundary for  is the highest ever reported for electron-phonon mediated superconductors [9] we use this value as maximal  amplitude in our calculations below (Table II and Fig. 1 ).
We note that first principles calculations performed for H3S also showed high values for the ratio (references can be found elsewhere [4, 9] ):
From other hand, Hirsch and Marsiglio [40] , Souza and Marsiglio [41] , Harshman and Fiory [42] , Kaplan and Imry [43] proposed different models for the superconductivity in H3S either within classical BCS approach [43] , either based on new concepts, and, for instance, Kaplan
and Imry [43] showed that their model gives  within weak-coupling BCS limit:
Assuming that both hydrogen-rich counterparts (H3S and LaH10) have the same origin for near-room-temperature superconductivity, we calculated parameters for the latter (Table II and Fig. 1 ) by using weak-coupling limit of BCS (Eq. 17) as the lowest value for .
Kostrzewa et al. [44] reported that at P = 150 GPa compressed LaH10 has charge carrier effective mass of: * = (2.9 − 3.2) • ≈ 3.0 •
where me is electron mass. This value is very close to * = 2.76 • calculated for compressed H3S by Durajski [11] . For the simplicity, in calculations below, for compressed LaH10 we use rounded value of * = 3.0 • .
We perform the same calculation routine to one as we did for PdHx and calculated values are given in Table II and displayed in Fig. 1 . Deduced Tc/TF values are in the range of 0.9 • 10 −2 < ⁄ < 4.0 • 10 −2 . It can be seen (Fig. 1) 
If LaH10 will be a conventional superconductor with ⁄ = 8.4 • 10 −6 (this is the ratio of electron-phonon mediated Al [18] ), then in accordance with Eq. 19:
If ⁄ = 7.4 • 10 −4 (which is the ratio of electron-phonon mediated Nb [18] ), then:
We note, that experimental Bc2(T) value for LaH10 [21] is:
Thus, Eqs. [19] [20] [21] [22] show that despite a fact that currently Bc2(T) dataset for LaH10 is available only at temperatures near Tc (i.e., 0.96 ≤ ≤ 1.0), this dataset is already enough to make a conclusion that LaH10 is unconventional superconductor.
Similar calculations for H3S (based on experimental [15, 16] and deduced [14] values) are:
2 ( = 0) < 3.9 (H3S for ⁄ = 7.4 • 10 −4 ).
These values (if even we will make comparison of ones with very strictly defined Bc2(T) (at R = 0 ) and pressure of P = 160 GPa (which is shifted from optimal pressure of P = 155 GPa)) are at least in one order of magnitude lower than experimental data: 
Eqs. [19] [20] [21] [22] [23] [24] [25] show that both near-room-temperature superconductors, H3S and LaH10, cannot be classified as conventional superconductors, despite a fact that astonishing Ashcroft's prediction [45, 46] about superconductivity in hydrogen-rich compounds was based on BCS theory.
Here we also need to mention unresolved yet problem with isotope effect in hydrogen-rich compounds. Stritzker and Buckel [47] discovered that the isotope effect in the palladiumhydrogen-deuterium (PdH-PdD) system has opposite sign to one expected based on BCS theory. This reverse isotope effect in the PdH-PdD system is still in a wide discussion [48] [49] [50] .
However, Drozdov et al. [1, 21] in both near-room-temperature superconducting systems, H3S-D3S and LaH10-LaD10, observed, isotope effect in full accordance with the expectation based on BCS theory, i.e. Tc suppression in deuterium systems.
V. Thermodynamic fluctuations in compressed LaH10
In our previous papers [51, 52] 
where  = (0)/(0) is Ginzburg-Landau parameter, and (0) is the ground state London penetration depth.
For PdHx system,  was found to be  = 1.2-2 [35] , and calculated values for , ℎ and , show that thermodynamic fluctuations for superconductors in palladiumhydrogen system are negligible low (Table III) .
In our recent paper [14] , we deduced (0) in H3S more accurately in comparison with values we used to calculate , ℎ and , in our previous papers [51, 52] . By taking in account that H3S exhibits  = 88-105 [51, 52, 55] , we revisited , ℎ and , at two applied pressures of P = 155 GPa and 160 GPa (Table III) to make an assumption about the value for Ginzburg-Landau parameter, . Our approach is based on an assumption that  for LaH10 will be not much different from  for H3S and other unconventional superconductors (primarily, pnictides and cuprates) which have values within a range of  = 60-120 [55] [56] [57] [58] [59] [60] . Calculated Table III . Table III leaded 
Examination of the values in

VI. Self-field critical currents in compressed LaH10
We need to stress, that there is fundamental limit to obtain answers on many important questions in regards of H3S and LaH10 by performing the upper critical field studies, because experimentally available magnetic fields, Bappl, even, if top world facilities will be in use [15, 16] , are too low for these materials. Thus, there is a need to find different experimental techniques to reveal the nature of superconductivity in these and, perhaps, many others nearroom-temperature hydrogen-based superconductors. One possible way to perform this is to study temperature dependent self-field critical currents, Ic(sf,T) [31, 55] , from which several fundamental parameters of the superconductor, i.e., the ground state superconducting energy gap, (0), the ground state London penetration depth, (0), and relative jump in the specific heat at Tc, C/C, can be deduced. We already showed that this approach works for compressed H3S [51] by performing analysis of the self-field magnetization critical current densities reported by Drozdov et al. [1] .
We note that experimental technique to perform critical current measurements in ultrahigh-pressure diamond cells is under developing for about twenty years [61] [62] [63] and fundamental possibility to measure Ic(sf,T) in LaH10 has been already demonstrated by Somayazulu et al [20] in their Fig. 4 and Supplementary Information. However, Ic(sf,T) measurement techniques (and particularly inside of ultrahigh-pressure diamond cells) need to be further developed, because these measurements require great precaution due to danger of the sample "burning" during transport current flow [64, 65] . For instance, LaH10 samples degradation after Ic(sf,T) measurements reported by Somayazulu et al [20] is more likely originated from the sample "burning" under transport current flow. In this regard, recently registered effect [66] of the linearization of surface magnetic field, Bsurf(I), vs transport current rise on the onset of power dissipation can be considered as a new option. As we showed recently, this technique [66, 67] works when external magnetic field, Bappl, is applied to the sample [68, 69] .
There is another powerful technique, the Raman spectroscopy, which is also under developing over last two decades for ultrahigh-pressure diamond cells [70, 71] .
VII. Conclusions
In this paper we analyse the upper critical field data for near-room-temperature superconductor, LaH10, recently reported by Drozdov et al. [21] . We come to conclusion that all discovered to date hydrogen-rich superconductors, PdHx, H3S and LaH10, are unconventional superconductors.
In addition, we find that both near-room-temperature superconductors, H3S and LaH10, are subjected to strong thermodynamic fluctuations of the order parameter amplitude. We note, that this is very similar to pnictides and cuprates in which superconducting state is subjected to strong fluctuations of the order parameter phase.
